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ABSTRACT

Development of Ecologically-Based Invasive Plant Management
Curriculum for University Audiences

by

Halley Kartchner, Master of Science
Utah State University, 2013

Major Professor: Dr. Christopher A. Call
Department: Environment and Society

The Great Basin is considered one of the most endangered ecoregions in
the United States. One threat facing Great Basin rangelands is the invasion of harmful,
non-native plants. These invasive weeds outcompete native plants, degrade wildlife
habitat, decrease valuable forage for livestock, and cost millions every year in weed
control efforts. In order to restore degraded ecosystems of the Great Basin, it is essential
that effective weed management programs are integrated in rangeland management
strategies. Traditional management approaches have focused on killing invasive weeds
with limited regard to the underlying processes that contributed to the invasion.
Ecologically-based invasive plant management, or EBIPM, is an alternative
holistic management approach that aims to understand and manipulate the ecological
processes influencing weed invasions, and works to prevent further invasions as well as

iv
to treat areas that are already dominated by invasive weeds. EBIPM combines rangeland
health assessment, successional theory, ecological principles, tools and strategies, and
adaptive management in a 5-step, decision-making framework for a proactive approach to
treating and preventing the spread of invasive weeds. The EBIPM method is arranged in
a five step framework.
Outreach and education is an important part of a weed management program like
EBIPM, as it helps to create awareness and acceptance among managers, policy makers,
and the public. EBIPM outreach and education efforts include: a field school that has
been held the past 4 years, field tours to demonstrate new techniques and research,
manager guidebooks to teach professionals about the EBIPM process, a high school
curriculum, and a website.
In order to inform future land managers about EBIPM, a university curriculum
has been created to fit into a wide variety of undergraduate courses. This curriculum is
compromised of six modules. The first module provides an overview of the EBIPM
decision-making framework. The subsequent five modules are aligned with the five steps
in the framework. Each module contains a synoptic reading describing the linkages
between ecological concepts and management practices, case studies, in-class and field
activities, review questions, additional resources, and a Power Point presentation. Each of
the modules was reviewed and assessed by a weed ecologist, outreach education
specialist, and a media specialist. The curriculum is posted online for access by university
students and educators.
(105 pages)
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INTRODUCTION
The Great Basin is considered one of the most endangered ecoregions in the
United States (Chambers & Wisdom 2009). One threat facing Great Basin rangelands is
the invasion of harmful, non-native plants. There are currently more than 300 rangeland
invasive weeds in the United States today (DiTomaso 2000). These invasive weeds
outcompete native plants, degrade wildlife habitat, decrease forage for livestock, and cost
millions every year in weed control efforts. In order to restore degraded ecosystems of
the Great Basin, it is essential that effective weed management programs based on
ecological concepts are integrated into rangeland management strategies.
Invasive plant management practices include the use of herbicides, biological
control agents, prescribed fire, grazing, mechanical control, and revegetation. These
control methods often suppress undesired weed species, but without careful planning and
application, they may have minimal influence on ecological processes, fail over the long
term, and result in reinvasion. Traditional weed management has focused on killing
weeds with these control methods, but with limited regard to the underlying processes
that contributed to their invasion (Krueger-Mangold et al. 2006). This shows a lack of
ecological understanding on the part of many land managers.
Ecologically-based invasive plant management, or EBIPM, is a holistic
management approach that aims to understand and manipulate the ecological processes
underlying weed invasions, and works to prevent further invasions as well as to treat
areas that are already dominated by invasive weeds. EBIPM combines rangeland health
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assessment, successional theory, ecological principles, tools and strategies, and adaptive
management into a 5-step, decision making framework for a proactive approach to
treating and preventing the spread of invasive weeds.
Outreach and education is a important part of EBIPM (Call et al. 2012). An
EBIPM field school has been held 4 consecutive years in different locations at EBIPM
research and demonstration sites within the Great Basin. The idea behind the field
schools is to take the core ideas behind EBIPM into the field where participants can learn
by doing from ecologists, range and weed scientists, and managers. In addition to the
annual field school, workshops and field tours were also held. These are essentially mini
field schools, packing the information covered in the field school into a 1-day
instructional event of classroom style instruction or a day trip to an EBIPM
demonstration site. Virtual field tours are also available on the EBIPM website. These
feature photographs of field sites accompanied by descriptive text. Eight user guidebooks
for resource managers have been produced, describing different components of the
EBIPM process. Several technical papers have also been published that describe the
results of EBIPM research projects on demonstration sites. EBIPM personnel have also
worked in conjunction with educators to develop a modular high school curriculum for
use in ecology and agricultural science classes. EBIPM personnel also recognize the
importance of exposing future land managers to the EBIPM framework at the university
level. Individuals who are exposed to principles that link ecological processes to the
relative abundance of desired and undesired species will have a stronger foundation for
evaluating the usefulness of tools and strategies when designing a weed management
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plan. I developed a modular curriculum for university audiences that can be incorporated
into a variety of natural resources, weed science, and rangeland management, and
courses. Instructors will be able to use all the modules as a major component of the
course or pick and choose which modules are relevant and incorporate them accordingly.
Several course design elements were considered during initial curriculum development,
including prerequisite knowledge of students, learning outcomes, sequencing and
integration of content, materials and activities that would promote student engagement,
and an evaluation component (Call et al. 2012).
This university curriculum consists of six modules, (with two more to be added
later), which provide an introduction to EBIPM and cover each of the five steps in the
decision-making framework. Each module contains a synoptic reading covering the
linkages between ecological concepts and management practices, case studies, in-class
and field activities, review questions, additional resources, and a Power Point
presentation. The modules are available on the EBIPM website at
http://www.ebipm.org/ebipm-univeristy-curriculum. Module 2, Assessment of Ecological
Conditions and Processes in Need of Repair, has been placed in the Appendix of this
report to be referred to as a representative module in the university curriculum.

Goals and Objectives
The overall goal of this project is to increase university students’ knowledge of
EBIPM, and to ultimately improve their weed management decisions and plans to treat
invasive weeds in the Great Basin and elsewhere.
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Objectives:
1. Assess public and private land manager perceptions and knowledge of EBIPM
and invasive annual grasses using focus groups and individual phone interviews.
2. Create a modular curriculum based on EBIPM that can be integrated into
university weed-related courses.

LITERATURE REVIEW

Invasive Weeds
Executive Order 13112 states that an invasive plant is an alien plant spreading
naturally (without the direct assistance of people) in natural or seminatural habitats,
which produces a significant change in composition, structure, or ecosystem processes
(Executive Order 13112 1999). The changes caused by weed invasion have negative
ecological, economic, and social impacts. Ecological impacts include changes in
hydrological cycles, fire regimes, erosion and stream sedimentation, energy flow, nutrient
cycling, native plant regeneration, and reduction in wildlife habitat quality (DiTomaso
2000, Masters & Sheley 2001). The economic impacts of invasive weeds are more
difficult to assess because it is hard to assign an economic value to ecological goods and
services. However, several studies have focused on individual plant impacts and one
study found that spotted knapweed costs Montana ranchers $11 million annually (Hirsh
& Leitch 1996). Invasive weeds can also impact human activities associated with
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livestock production, recreation, and aesthetic value of rangelands (DiTomaso 2000).
Invasive annual grasses are a difficult problem on western rangelands. Annual grasses,
such as cheatgrass (Bromus tectorum) and medusahead (Taeniatherum caput-medusae)
can reduce the production value of grazing land, alter ecosystem processes, and cost
producers and resource managers millions of dollars each year (DiTomaso 2000).

Annual Grasses
A major invasive weed wreaking havoc in the Great Basin region is cheatgrass
(Bromus tectorum). Cheatgrass is an annual grass that first appeared in the western
United States in 1890 (Mosley et al. 1999). Because of its pre-adaption to the Great Basin
environment, early settlers’ abuse of the land through uncontrolled grazing, dryland
farming, and recurring drought-like conditions, cheatgrass had reached its current range
of distribution by the mid 1930’s (Pellant 1996, Young & Allen 1997). In the 1990’s
cheatgrass covered a minimum of 2 million hectares, and it is estimated that over the next
30 years (by 2040) an additional 15 million hectares will be at high risk of invasion
(Chambers & Wisdom 2009). Cheatgrass was once considered a valuable forage resource
because it grew in early spring, and was deliberately introduced in some areas of the
Great Basin (Young & Allen 1997). This was before rangeland managers understood the
harm that cheatgrass can do to native rangeland ecosystems.
Cheatgrass dominance has negative ecological, economic, and social impacts.
Invasion by B. tectorum can alter the natural fire cycle since, because it completes its life
cycle and creates a dry, flashy fuel by mid-summer. Historic wildfire return intervals
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were 32 to 70 years in sagebrush-steppe ecosystems; in areas heavily infested with
cheatgrass the fire interval can be less than 5 years (Pellant 1996). After a disturbance,
like wildfire, cheatgrass will become more dominant and expand its range even further.
Eventually, many shrub-dominated communities become annual grass-dominated
communities. Such a conversion can change biogeochemical cycling, transforming native
shrublands from carbon sinks to carbon sources (Bradley et al. 2006). Conversion to an
annual grassland can also change an ecosystems’ hydrologic characteristics, i.e., the
ability to hold moisture, and can eventually increase the aridity of invaded areas
(Chambers & Wisdom 2009). Cheatgrass invasion reduces the quality of wildlife habitat
by changing the plants that are available for native animal species to feed on. Herbivores
must subsist on cheatgrass in the fall and winter, instead of native species with higher
nutrient value (Stewart & Hull 1949). With cheatgrass dominance, the land becomes less
productive for livestock forage. The change in forage abundance, quality and availability
interferes with traditional grazing practices, increases the cost of managing livestock, and
reduces the quality of products from livestock such as, meat, wool, milk, hides.
(DiTomaso 2000).
Strategies to control and reduce cheatgrass dominance include: use of chemical
control, biological control, targeted grazing, prescribed fire, and revegetation of desired
species that can successfully compete with cheatgrass. Careful attention should be paid to
the timing and sequence of strategies and tools to coincide with the life cycle of the plant.
Successful control of cheatgrass will require resource managers to use multiple tools in
conjunction with one another to address the causes of invasion (Masters & Sheley 2001).
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Medusahead (Taeniatherum caput-medusae) is another aggressive invasive
annual grass. Medusahead-dominated rangelands have very low diversity, and low value
for wildlife habitat and watershed function (Miller et al. 1999). Medusahead was
introduced from Eurasia to southwestern Oregon in the late 19th century. From Oregon,
medusahead spread through eastern Oregon, northern California, Idaho and Utah (Young
& Evans 1969). Like cheatgrass, medusahead also increases the risk for wildfire by
creating a thatch that is very dense and long-lasting, due to its silica content (Miller et al.
1999). Medusahead is almost worthless as forage for livestock. It can only be grazed for a
short time in early spring before the seedhead has formed. Current medusahead
treatments include: mechanical disking, prescribed fire, chemical control, biological
control, and grazing (Miller et al. 1999).

Ecologically-Based Invasive Plant Management
EBIPM is a processed based model for weed managers to implement site specific
strategies to address ecological processes (EBIPM website 2010). It combines state and
transitional models and successional management models so that the best weed
management decisions will be made in areas, whether the areas have been invaded with
weeds or are just under the threat of invasion (Figure 1).
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Figure 1: The EBIPM decision-making framework.
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EBIPM was developed because of the need for ecologically-based land
management that addresses the causes of vegetation dynamics. This is due to increasingly
severe and frequent disturbance regimes, global climate change, and invasion by nonnative plants (Sheley et al. 1996). There is a great need for a unified, mechanistic,
ecological framework that improves management’s ability to make decisions, predict
changes in vegetation, guide the implementation of restoration, and encourage learning
(Sheley et al. 2009a). The theories and models that have been used in the past to predict
vegetation dynamics are of three types: 1) based on a general ecological mechanism that
does not provide enough detail to guide management, 2) based on a specific process that
applies to certain populations but not entire plant communities, or 3) not based on
ecological theory, but relies on previous knowledge and observation (Sheley et al.
2009a). In order to effectively combat the invasion of non-indigenous weed species, a
weed management program must look at the ecological causes behind the invasion.
EBIPM applies ecological theory to develop a framework that managers can use to treat
areas infested with invasive weeds and also to prevent the further invasion of invasive
weeds.
The first step in the EBIPM model is to conduct a rangeland health assessment
(Figure 1). Rangeland health assessment was developed in collaboration by the Bureau of
Land Management, U.S. Geological Survey, Natural Resources Conservation Service and
Agricultural Research Service. Rangeland health assessment provides a tool for scientists
and managers to look at three attributes of rangelands (soil/site stability, hydrological
function, and biotic integrity), and assess the ecosystem by examining 17 indicators.
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Each indicator of rangeland health is given a rating based on the degree of departure from
expected healthy levels, ranging from extreme to none. Examples of indicators include:
bare ground, litter amount, the presence of invasive plants, water flow patterns, and
observations of erosive forces acting on the soil (Pellant et al. 2005). Rangeland health
assessment helps to determine which ecological processes are in need of repair; those
processes can be linked to the three causes of succession (site availability, species
availability, and species performance) in the second step of the EBIPM model (Figure 1).
The main process related to site availability is disturbance. Disturbance is a
discrete event that disrupts ecosystem, community, or population structure and changes
the resources, substrate availability, or physical environment (Kruger-Mangold et al.
2006). Traditionally, disturbance has been viewed negatively by land managers because it
can contribute to weed invasion. When an area is free from disturbance, those species that
tolerate stressful conditions will continue to dominate that community. Therefore, a
process called “designed disturbance” can be used to alter successional pathways (Sheley
et al. 1996). An area may be disturbed purposely so that there will be a decline in
resource use by invasive weeds and, through the process of reseeding, native plants will
be able to reestablish in the specified area. Modifying factors of disturbance include size,
severity, time, intervals, patchiness, predisturbance history, and treatments such as
shallow tillage, and grazing with multiple types of livestock (Kruger-Mangold et al.
2006). These factors can be used to manipulate the type of disturbance and ultimately
shift the plant community composition to a more desired state.
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Species availability depends on two processes: reproduction and dispersal.
Succession greatly relies on a plant’s ability to produce high numbers of seeds and
effectively disperse those seeds. Dispersal before and immediately after a disturbance is
critical because species that distribute their seeds across the area may remain dominant in
that ecosystem. When a site is open for desired species, that site must be occupied with
desired species before noxious weeds can establish. Factors that modify dispersal include:
landscape features, dispersal vectors, seedbed preparation, and seeding methods (KrugerMangold et al. 2006).
A propagule pool is the amount of seeds a species can produce for its seed bank.
Invasive species can have very large and long-lived seed banks when compared to native
species. Following disturbance, land managers need to assess the composition of the seed
bank and determine whether seeding is necessary. If the seed bank is dominated by
invasive species, seeding will be necessary. Through the EBIPM program, land managers
will manipulate the reproductive capabilities of a plant species with a process called
“controlled colonization.” Controlled colonization is the intentional alteration of
availability and establishment of various plant species. If native species require more
time to establish, less desirable, but not invasive, species can be established to create safe
sites for the germination and seedling survival of desired native species (Sheley et al.
1996). These ephemeral species are more like placeholders for the desired species than
they are permanent species in the community.
Species performance, the third cause of succession, is influenced by: resource
acquisition, response to environment, life history, stress, and interference. In order for
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established, desired species to maintain dominance in an ecosystem, they must be
supplied with the correct amount of nutrients. Nitrogen is the most important nutrient for
plant growth, and taking this away from invasive species by adding carbon to the soil is a
potential solution for combating invasive weeds. Land managers also have to be aware of
species ecophysiological traits, such as, germination requirements, nutrient uptake rates,
growth rates, and even genetic differentiation. In order to control invasive weeds and
promote the germination and growth of desired species, land managers must also be
knowledgeable about a species’ life history; this includes phenological, physiological,
and behavioral traits that a species exhibits as it grows from seed to adulthood. Being
familiar with a species’ ecophysiological traits and life history will help land managers to
predict which species will dominate the community under different environmental
conditions (Kruger-Mangold et al. 2006). Even a factor such as stress can be manipulated
to favor desirable species over invasive species. Species rich mixes have a higher chance
of surviving stressful environmental conditions, increasing establishment of desirable
species. Interference refers to reducing neighboring plants’ fitness through competition,
allelopathy, herbivory, resource availability, and predators. Cover crops can be seeded
with desired species on weed-infested rangeland to increase competition with invasive
weed species. The cover crop is short-lived, but will help the community to retain soil
moisture, add organic matter to the soil, and also to prevent soil erosion (KrugerMangold et al. 2006). Through “controlled species performance,” land managers can
manipulate the growth and reproduction of plant species in an attempt to shift the
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community from invasive weed-dominated to indigenous plant-dominated (Sheley et al.
1996).
In the third step of the EBIPM model, principles are linked to ecological
processes which affect the causes of succession (Figure 1). Understanding ecological
principles when treating invasive weeds allows land managers to choose the best tools
and strategies to repair damaged ecological processes. There are different ecological
principle that relate back to the processes that influence each cause of succession. For
each influential process there are specific principles that will help land managers to
understand the underlying causes of weed invasion on rangelands (James et al. 2010).
The tools and strategies section of the EBIPM model, the fourth step, provides
rangeland managers with practical methods for treating invasive weeds (Figure 1). In this
step, integrated weed management is applied; treatment choices and timing are
determined in order to get the best possible response from the treatment for a specific
site. Each tool and strategy is linked back to an ecological principle and a process related
to a cause of succession. It is assumed that if a land manager understands the ecology of
the treatments he or she is applying, they will have more successful outcomes when
treating invasive weeds (Sheley et al. 2010).
Adaptive management, the fifth step in the EBIPM model, is a way for managers
to operate in the face of uncertainty (Figure 1). Through the use of adaptive management,
land managers learn by testing different management alternatives. This expands
managers’ and scientists’ knowledge about a system. Adaptive management involves
formulating management questions, choosing the best techniques to test these questions,
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applying these techniques to the chosen landscape in an experimental context, monitoring
the responses to treatments to determine if they work, and making changes based on the
findings (Reever Morghan et al. 2006). The process of adaptive management takes time
but the end product is a stronger knowledge of the system, and greater confidence in the
management strategy. It also provides a management program that is scientifically valid
(Sheley et al 2009b). Involving management directly in the scientific process also helps
to bring science to the public (Stocker 2004).
Rangeland health assessment, successional theory, ecological principles, tools and
strategies, and adaptive management are all important parts that of the EBIPM
framework. Understanding each of these components helps those participating in EBIPM
to realize the significance of EBIPM as a weed management approach. EBIPM helps
rangeland managers understand the underlying causes of weed invasion; understanding
the causes can lead to more effective, successful management strategies.
EBIPM has been successfully implemented with perennial invasive forbs, such as
spotted knapweed (Centaurea maculosa) and sulphur cinquefoil (Potentilla recta) in
pothole wetlands in Montana. In this study, Sheley and co-workers (2006) demonstrated
that using various treatments to modify the factors influencing the causes of succession,
in an integrated fashion would favor establishment and abundance of desired species over
singularly applied treatments. In essence, various components and processes of the
wetland system were repaired and replaced over time. The EBIPM framework has been
updated since this and other studies, and is now being applied on rangelands infested with
invasive annual grasses.
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Curriculum Design
When designing a curriculum, Wiggins and McTighe (2005) recommend using a
backward design approach. This is beneficial because it forces designers and educators to
think about the specific learnings sought before thinking about what to provide in
teaching and learning activities. The objective of backward design is to focus on the
output of a curriculum and not just the input. Backward design is accomplished in three
stages. In stage one: identify desired results, an educator sets goals for students and
reviews content standards and curriculum expectations. This is where educators
determine what students should know and understand, what content should be presented,
and what students need to remember over the long term. It is at this stage where designers
prioritize what information should be in a curriculum. In stage two: determine acceptable
evidence, designers must "think like an assessor" to decide how an educator would
determine if students had achieved the desired results. Here educators determine what
evidence indicates student understanding and proficiency. In stage three: plan learning
experiences and instruction, educators must determine what information should be
presented to meet the objectives. Designers should decide what enabling knowledge and
skills students will need to perform effectively and achieve the desired results set up in
stage one. Activities, materials, and resources that will help students learn should be
determined at this point (Wiggins & McTighe 2005). Only after desired results and
assessments have been identified can educators design an effective curriculum.
There are six entry points and approaches to the design process (Figure 2). The
first is to begin with established goals and objectives. When beginning with established
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goals/objectives, designers should determine what ideas are embedded in these
goals/objectives and what students will learn by accomplishing this. The second entry
point is beginning with an important topic or content; here designers must consider why
this topic is important and what ideas underlie this topic or emerge from studying it. The
third entry point is to start with an important skill or process. When starting here,
designers should consider what this skill will enable students to do and what students will
need to understand to effectively apply this skill. Entry point number four is to begin with
a favorite activity or familiar unit. Starting at this point will bring up questions of what
concepts students will understand as a result of this activity or unit and what evidence of
understanding is needed. The fifth entry point is to start with a key text or resource.
Beginning with a key text or resource asks why students are reading this text or using this
specific resources and what they should ultimately understand as a result. The last
starting point is a significant test. When beginning the design process here, designers
should determine what students will need to understand to perform well on this test and
what other evidence of learning is needed. (Wiggins & McTighe 2005) .All these points
are places to begin the curriculum design process. There is no correct order or beginning
point; it is all determined by what resources are available to educators, and what the
specific learning outcomes are for the curriculum. The EBIPM university curriculum
design process begins at two entry points: the second point, an important topic or content,
and the fifth point, a key text or resource, because it is based on the EBIPM decisionmaking framework and describes each step found in the framework in great detail.
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Figure 2: Entry points for the curriculum design process (adapted from Wiggins &
McTighe 2005).

According to Erickson (2002) a coherent curriculum is one that holds together,
makes sense as a whole, and its parts, whatever they are, are unified and connected by the
sense of the whole unity, relevance, and pertinence. A curriculum cannot be coherent if
students do not realize the relevance of what they are learning in their everyday lives. In a
curriculum based on successional weed management framework, such as EBIPM, it is
important to convey to students the importance and practicality of what they are learning.
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This is essential because future land managers are the students that will be using this
curriculum.
There are many theories about how a person learns. These can be divided into two
groups: constructivism and objectivism. Constructivism is founded on the philosophy that
we construct out own understanding of the world we live in, based on our experiences.
Through our social and physical interactions, we each generate our own framework,
which we then use to make sense of our experiences. In objectivism, learning is a
biochemical activity in the brain that processes, stores, and recalls information. What we
learn is then expressed through critical thinking, remembering, and recalling information
(Jonassen 2003).
In developing the EBIPM curriculum, it is important to understand that the
curriculum will have to apply to a wide variety of learners. They may have similar
backgrounds in ecology, plant science, and land management, and different learning
styles. Each learning style is unique and should be accounted for in how the material is
presented and what activities will accompany each module.

PROJECT DESIGN

The university curriculum is organized in modules that can be easily taught in a
wide variety of natural resource, weed science, and range management courses. Although
each module can be integrated into individual topic areas, collectively, the modules also
provide material for the major portion of a course. There are presently six modules in the
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curriculum (Figure 3), with two more to be added in the future. Module 1 provides an
introduction to, and overview of, the EBIPM decision-making framework, Module 2
explains how assessment fits into the EBIPM process, Module 3 describes the three
causes of succession driving vegetation dynamics, Module 4 describes how ecological
principles link the causes of succession with management tools and strategies, Module 5
lists and highlights the various tools and strategies, and Module 6 explains how adaptive
can should be used in the context of EBIPM.
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University Curriculum Modules
Traditional vs. ecologically based
weed management
• Overview of EBIPM approach and
framework
• Importance of rangeland health
assessment (RHA) in planning
process
Module 2: Assessment of Ecological
Conditions and Processes in Need of
• RHA protocol and underlying
Repair
ecological concepts
• Integration of RHA and successional
weed management
• Overview of causes of
succession/ecological processes
Module 3: Identifying the Underlying
Causes of Plant Community Change
• How causes/processes influence
invasion/restoration
• Principles provide a bridge between
theory and practice
Module 4: Ecological Principles for
Invasive Plant Management
• Principles guide selection of tools
and strategies
• Prevention, control, and restoration
strategies
Module 5: Tools and Strategies- Managing
Site Availability, Species Availability, and
• Biological, chemical, mechanical,
Species Performance
and cultural tools
• Integration of tools and strategies
• Managing complex problems in the
face of uncertainity
Module 6: Adaptive Management
• Management as an experiment: an
eight-step process
Figure 3: Subject matter covered in the 6 modules comprising the EBIPM university
curriculum on the decision-making framework.
•

Module 1: Introduction to EcologicallyBased Invasive Plant Management

This modular curriculum was developed in collaboration with scientists who have
presented at EBIPM workshops and symposia, and other scientists and managers who are
involved with EBIPM. Collaborators include plant ecologists, weed scientists, social
scientists, economists, rangeland management specialists, an outreach education
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specialist, and a media development specialist. Each of the modules was developed and
then sent to collaborators to review and suggest improvements. Review comments were
considered and incorporated into the curriculum. After the revisions were incorporated, a
final review process took place, and then the finished product was posted on the EBIPM
website.
Sources for developing the curriculum included: EBIPM manager guidebooks,
peer-reviewed journal articles, information presented at the EBIPM field schools,
technical publications developed by federal land management agencies, proceedings of
invasive plant management conferences, and books on invasion ecology, restoration
ecology, weed science and rangeland management.
Each module is comprised of a synoptic reading covering the linkages between
ecological concepts and management practices, case studies, in-class and field activities,
review questions, additional resources, and a Power Point presentation. Each reading
begins with a set of learning objectives, followed by an introduction that engages the
reader with a question and brief rationales as to why the concepts that will be presented in
the module are important to learn. The next section explains where the concepts
presented in the reading fit into the EBIPM decision-making framework. The bulk of the
reading follows, going into detail and providing examples on ecological concepts that
relate to the topic of the module. Each reading includes at least one case study that is
based on an actual management scenario or research study, and provides a practical
application of the concepts presented in the module. After the case study(ies), the reader
is presented with evaluation questions to assess their understanding of what they have
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read. These questions strive to reinforce the most important concepts students should
learn from each module. If readers wish to read more on their own, additional resources
that are hyperlinked to their websites are presented, along with literature citations, at the
very of the reading. To ensure uniformity throughout EBIPM outreach and education
products, readings were visually designed to resemble the eight manager guidebooks.
EBIPM outreach education and media specialists were consulted to determine the visual
appeal and ease of readability. The selection of font types and sizes, colors, headings, text
boxes, and pictures was carefully determined to ensure the modules would be easy to
read and engaging to students. The Power Point summarizes the important points
presented in the reading, and provides a tool with which instructors can introduce the
modules in the classroom. Activities relevant to the information presented in the module
are also included in each module. These are a mix of classroom and field-based activities.
Some activities were adapted from activities presented at the EBIPM field school while
others were developed for this curriculum.
When completed and assessed by a review team, the modules are posted on the
EBIPM website (http://www.ebipm.org/ebipm-univeristy-curriculum) where it can be
accessed by university faculty and students. Module 2, Assessment of Ecological
Conditions and Processes in Need of Repair, is included in its entirety in the Appendix at
the end of this report so the reader can view the components of a module.
Modular Topics and Structure

Module 1: Introduction to Ecologically-Based Invasive Plant Management
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This module introduces the EBIPM framework. It explains the origin, basis, and
need for EBIPM and outlines each step in the EBIPM framework. The module
emphasizes the difference between traditional approaches to weed management and the
successional weed management used in EBIPM.
The objectives of this module are:
1) Recognize differences in traditional and ecologicallybased approaches to invasive plant management, and why
there is a need for an ecologically-based approach.
2) Understand and be able to explain the individual steps
in the ecologically-based invasive plant management
(EBIPM) framework.

Evaluation questions are presented for students to self-assess or discuss in groups
in a classroom setting:
1) What are the three causes of succession and how do they
relate to weed invasion?
2) Explain the importance of using a decision-making
framework, like EBIPM, to manage invasive weeds.
The activity in this module is to read two articles (provided in the activities
folder) and answer questions about each of the articles. One article, Potential for
Successional Theory to Guide Restoration of Invasive-Plant-Dominated Rangeland by
Sheley et al. (2006), uses an EBIPM approach, while the other article, Long-Term Effects
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of Weed Control with Picloram Along a Gradient of Spotted Knapweed Invasion by
Ortega and Pearson (2011) does not use EBIPM. The questions students must use to
evaluate each article reinforce the difference between traditional weed management and
EBIPM. Additional resources provided in this module are all hyperlinked to their
websites; these include: the EBIPM website; the management guide Applying
Ecologically-Based Invasive Plant Management, and the Implementing EBIPM video.

Module 2: Assessment of Ecological Conditions and Processes in Need of Repair
This module describes how qualitative indicators used to evaluate current
rangeland conditions at the ecological site level in the Rangeland Health Assessment
protocol (Pellant et al. 2005) are used to help identify ecological processes currently in
disrepair at a site. This module is available in its entirety at the end of this report in the
Appendix. It covers why assessment is important to have in a weed management plan,
how assessment is used in the EBIPM decision-making framework, and rangeland health
attributes, and defines terms used when conducting an assessment. This module also
describes 17 indicators of rangeland health assessment and provides examples of each
indicator. The five steps of rangeland health assessment are also demonstrated with an
added sixth step specific to EBIPM.
There are four learning objectives for this module:
1) Understand why assessment is an important part of any
weed management plan.
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2) Describe the rangeland health assessment protocol and
underlying ecological concepts.
3) Explain how the integration of rangeland health
assessment and successional weed management creates a
more holistic vegetation management framework.
4) Demonstrate how rangeland health assessment can be
applied to landscapes of

different scale.

The two case studies in this module are both based on research studies that
examined the usefulness of rangeland health assessment in real world settings. The study
for Grand Staircase-Escalante National Monument by Miller (2008) is an example of a
large-scale assessment, while the Duniway et al. (2010) study on road and trail
disturbance presents an example of a smaller-scale assessment.
There are four evaluation questions in this module:
1) Why are assessments important for effective weed
management plans?
2) Why are the 3 attributes of rangeland health important
and how are they related?
3) How does rangeland health assessment relate to the
EBIPM framework?
4) How can you apply rangeland health assessment to a site
or problem you are familiar with?
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In the field-based activity for this module, students will conduct a rangeland
health assessment using the instructions and forms in the reading and in the guide
Interpreting Indicators of Rangeland Health (Pellant et al. 2005). Detailed descriptions of
the activity, a worksheet, and rangeland health worksheets and forms are provided in the
activity folder included in this module. Bureau of Land Management rangeland health
training videos are hyperlinked throughout this module where a video is relevant to a
concept being discussed. Additional resources in this module include: ecological site
descriptions, the EBIPM website, the Interpreting Indicators of Rangeland Health
technical reference, and three journal articles for further reading.

Module 3: Identifying the Underlying Causes of Plant Community Change
This module examines the three causes of succession (site availability, species
availability, and species performance) and the ecological processes associated with these
causes. A review of successional management is included and along with how this theory
has shaped the development of the EBIPM decision-making framework. Each cause of
succession is defined, as are the ecological processes associated with the cause. Examples
of each ecological process are presented, along with pictures to visually demonstrate the
ecological processes and causes of succession.
There are three learning objectives associated with this module:
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1) Understand the causes of succession and how they
influence weed invasion and ecosystem restoration.
2) Understand the associated ecological process and
explain how they influence the causes of succession.
3) Recognize how assessment procedures in Module 2 help
to identify ecological processes that are affecting the causes
of succession.
The case study in this module highlights the construction and maintenance of the
Ruby Pipeline (a natural gas pipeline from southwestern Wyoming to southwestern
Oregon) and how it relates to the process of disturbance. This module also features three
species showcases, in-depth examples of an annual grass (Bromus tectorum), a perennial
forb (Euphorbia esula), and a woody species (Juniper osteosperma) and how these
species are capable of outcompeting most native or desired species on rangelands in the
Great Basin.
There are three activities included with this module; all are adapted from activities
at the EBIPM field school. The first activity is The Race for a Safe Site. It is a classroom
activity in which students drop different ratios of green to white marbles into a board
with holes and observe which marbles make it to the "safe sites". This activity
demonstrates how the ratio of desired to non-desirable seeds in conjunction with
available sites, will determine the composition of the plant community present at a site.
The second activity is related to species availability for desired species. In this fieldbased activity, students create large and small safe sites in the soil surface and broadcast
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small and large seeds into that space. This activity helps students recognize the
relationship between safe sites and seed density, and safe sites and seed size. The third
activity is a seed typing activity in which students broadcast seeds at different depths
within a small plot and count how many seeds are recovered at each depth. It is repeated
three times, each using a different method of seeding (i.e., broadcast, drill). This activity
allows students to observe how a seeding method can deposit seeds at different depths in
the seed bank. Directions concerning materials and tools needed for each activity are
provided for the instructor.

Module 4: Ecological Principles for Invasive Plant Management
Module 4 explains the more abstract concepts of the EBIPM framework:
ecological principles and how an understanding of these principles drives land manager
decision-making. It introduces the concept that principles provide a bridge between
theory and practice, and can guide the selection of tools and strategies.
After completing this module, students will:
1) Understand how conceptual frameworks/models and
ecological principles provide a bridge between theory and
practice, and facilitate the design and implementation of
sustainable invasive plant management programs.
2) Recognize how ecological principles allow managers to
identify appropriate tools and strategies to alter ecological
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processes and shift plant community dynamics in a desired
direction.
3) Demonstrate how ecological principles are linked to
other components in the EBIPM framework.
This module defines each ecological process and the principles associated with
that process. The case study is based on an article by Sheley et al. (2006), Potential for
Successional Theory to Guide Restoration of Invasive-Plant-Dominated Rangeland. The
activity is a matrix where students must state the cause of succession, ecological process,
and tool or strategy that is related to an ecological principle. This activity reinforces the
concept that ecological principles link ecological processes with tools and strategies.
There are three evaluation questions for students to assess their understanding:
1) Why is it important to base a weed management plan on
ecological principles?
2) Explain how understanding ecological principles helps
managers to better address the underlying causes of
invasion.
3) How are ecological processes, ecological principles, and
tools and strategies linked within the EBIPM framework?
Additional resources for this module include hyperlinks to the EBIPM website
and the Ecological Principles for Invasive Plant Management manager guidebook.
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Module 5: Tools and Strategies- Managing Site Availability, Species Availability, and
Species Performance
Using ecological principles to link tools and strategies to ecological processes in
the previous module provides a basis for individuals to evaluate and compare various
treatment options as an invasive plant management plan is further developed in this
module. Topics covered in this module include: prevention, control and restoration
strategies, and biological, chemical, mechanical, and cultural tools. Tools to use are
determined by management strategies and are categorized in this module as such, i.e., no
to light infestation, moderate infestation with some desired plants, and monoculture of
invasive weeds. Each treatment is presented under the appropriate management strategy.
Students also focus on treatment timing and sequencing to get the best possible response,
based on the resources available.
There are four learning objectives for this module:
1) Create an awareness of the tools and strategies available
to managers.
2) Understand which tools apply to each process and cause
of succession.
3) Learn the importance of using integrated weed
management strategies.
4) Explain how the selection of tools and strategies fits into
the EBIPM framework.
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Case studies in this module include: Reducing Cheatgrass Seed Density Through
Defoliation (Diamond et al. 2012) and Preventing the Dispersal of Invasive Plants
(Davies et al. 2010). Both of these case studies are based on field experiments and
demonstrate how researchers addressed the causes of succession to choose an appropriate
tool or strategy, based on ecological principles, with the ultimate purpose of developing a
weed management plan for an ecological site. Additional resources include hyperlinks to
the EBIPM manager guidebooks Establishing a Weed Prevention Area and Revegetation
Guidelines for the Great Basin: Considering Invasive Weeds.

Module 6: Adaptive Management
This module describes the process of adaptive management and why it is
important for land managers to use adaptive management when developing and
implementing an invasive plant program. Emphasis is placed on how to operate in the
face of uncertainty and learn by doing.
The learning objectives for this module are:
1) Understand how adaptive management integrates
research and management.
2) Recognize how adaptive management provides a
feedback mechanism for adjusting management as
knowledge is gained.
3) Explain how adaptive management fits within the
EBIPM framework.
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The module describes the eight steps in the adaptive management process, as
outlined by Reever Morghan et al. (2006). It has a case study featuring the Snake River
Birds of Prey National Conservation Area and how resource managers have developed an
adaptive management plan for an area of critical habitat for raptors which must also meet
several other user demands.
There are two evaluation questions for this module:
1) How should adaptive management be used in EBIPM?
Proceed through each step in the framework and identify
how it relates to the eight steps of adaptive management.
2) What ways can land managers incorporate adaptive
management into their weed management plans?
The activity also relates to the Snake River Birds of Prey National Conservation
Area, in which students must develop a management plan for a large area of rangeland
and address the concerns of the different stakeholders while following the 8-step adaptive
management plan. Additional resources include a hyperlink to the EBIPM guidebook
Adaptive Management for Invasive Annual Grasses.

CONCLUSION
Traditional weed management has often been unsuccessful in addressing the
causes of succession influencing invasion and restoration. Weed management based
successional theory, such as EBIPM, is an approach that integrates rangeland health
assessment, the causes of succession and their associated ecological processes,
ecological principle that provide a scientific basis for selecting tools and strategies, and
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adaptive management. It is a holistic weed management framework that has shown to be
successful when applied to invasive perennial forbs and is now being applied to invasive
annual grasses in the Great Basin.
Outreach Education is a major component of a successful EBIPM program.
Through the use of the EBIPM website, annual field schools, workshops and field tours,
management guidebooks, videos, newsletters, technical journal articles, a high school
curriculum, and now a university curriculum- EBIPM is able to reach current and future
resource managers, policy makers, and members of the general public across the Great
Basin. Making these materials available on the EBIPM website has ensured that they will
be available to individuals long after the EBIPM program is completed.
In our globalized society, invasive weeds will always be present. The ability of
invasive plants' to transcend geographical borders and establish in new places far from
their native habitat ensures that this will remain a major problem into the future. It is
hoped that through the use of this curriculum, undergraduate students will gain a greater
understanding as to why weeds invade and how as future managers, they can, through the
use of Ecologically-Based Invasive Plant Management, more effectively control weed
infestations and prevent further spread of harmful invasive plants.
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Assessment Activity: Conducting a
Rangeland Health Assessment
In this activity, you will conduct a Rangeland Health Assessment.
For detailed help with this assignment, see the “Interpreting
Indicators of Rangeland Health”(Pellant et al. 2005) manual and
follow the steps 1-5 outlined on pages 21-25 of this module.
1. Select a site nearby that can be easily accessed for an
assessment.
2. Find the ecological site description (ESD) for the area. To get an
ESD for your area click on the link in the “To Learn More...”
section on the following page, select your state, select your major
land resource area (MLRA), then click submit. A chart with links
to different ESD reference sheets for your MLRA will appear, then
you should be able to select the desired ESD.
3. Have students pair up and walk through the site with the
reference sheet (from page 72 of “Interpreting Indicators of
Rangeland Health”) and evaluate the 17 indicators.
4. Then have students determine which causes of succession need
to be addressed (using the causes of succession rangeland health
indicators chart in Table 2.3)
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5. Lastly, have students think of management goals and treatment
options for the site.
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